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(57) ABSTRACT

The invention relates to an antifriction composite comprising
a metal support layer, an intermediate layer produced from an
aluminum alloy and a bearing layer produced from an alumi-
num alloy. The components of the aluminum alloys of the
intermediate layer and the bearing layer are identical except
for an additional soit phase portion in the bearing layer. Said
soit phase portion may include lead, tin and/or bismuth. The
invention also relies to a method for producing the inventive
antifriction composite.
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ANTIFRICTION COMPOSITE, USE OF THE
ANTIFRICTION COMPOSITE, AND METHOD

FOR PRODUCING THE ANTIFRICTION
COMPOSITE

BACKGROUND OF THE INVENTION

1. Technical Field
The ivention relates to a plain bearing composite material
and to uses and a method for producing the plain bearing

composite material.
2. Related Art

Known from DE 40 04 703 Al 1s a layer material for plain
bearing elements comprising a metal supporting layer and a
an aluminium-based bearing material. The aluminium alloy
comprises 1-3 wt. % nickel, 0.5-2.5 wt. % manganese, 0.02-
1.5 wt. % copper. 0.5-20 wt. % tin and the remainder being
aluminium with the usual impurnties. The bearing alloy fur-
ther contains certain fractions of hard particles substantially
in particle sizes =5 um.

In this layer material, an intermediate layer of pure alu-
minium 1s provided as an option to improve the bond between
the steel back and the bearing material. This plain bearing
composite material has good fatigue strength values under a
loading up to 80 MPa, good wear resistance and good corro-
s10on safety values.

When this plain bearing composite material with pure alu-
mimum as an intermediate layer 1s used under fairly high
loadings, that 1s at loadings above 80 MPa, 1t has been found
that the material, 1n particular that of the intermediate layer,
deviates laterally at layer thicknesses >80 um which, as a
result of an enlargement of the bearing width, can lead to a
perturbing axial projection in bearing shells or bearing bush-
ings and can thereby even result in failure of the motor.

Known from DE 36 40 328 Al 1s a layer material for plain
bearing elements comprising an alumimium alloy which dii-
ters from the aluminium alloy of DE 40 04 703 Al by omit-
ting the zinc fraction.

This aluminium bearing alloy 1s used as a bearing material
which allows loading capacities up to 80 MPa before fatigue
cracks can be detected 1n the bearing material layer.

US 2002/0104876 describes a layer composite material
comprising a steel back, an aluminium-based intermediate
layer with a thickness of 60-120 um and comprising a bearing
metal layer made of an aluminium alloy. The bearing metal
layer contains 4-20% lead or tin, up to 26% silicon, up to 2%
magnesium, manganese, nickel, tin, copper or chromium.
The intermediate layer preferably consists of pure aluminium
or an aluminium alloy such as, for example AlIMnCul. The
fatigue strength of the layer composite material 1s a max. 100
MPa. The intermediate layer 1s joined to the bearing metal
layer by means of a hot rolling cladding process.

All layer composite materials have the production-technol-
ogy disadvantage that the material for the intermediate layer
and the material for the bearing layer cannot be produced
without considerable expenditure on the same casting system.

SUMMARY OF THE INVENTION AND
ADVANTAGES

The object of the invention 1s a plain bearing composite
material which has at least the same fatigue strength vales as
the known plain bearing composite materials and is easier to
produce with regard to production technology.

This object 1s achieved with a plain bearing composite
material having a metal supporting layer, an intermediate
layer of an aluminium alloy and a bearing layer of an alu-
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minium alloy, where the components of the aluminium alloys
of the mtermediate layer and the bearing layer agree apart
from an additional soft phase fraction in the bearing layer.
The agreement between the components of the two alu-
minium alloys allows both alloys to be process on the same
casting system without the need to mterpose a time-consum-

ing cleaning process when changing from one alloy to the
other.

DETAILED DESCRIPTION

The production method on the same casting system 1s
particularly simple if the quantities of components added to
the aluminium of the aluminium alloys of the intermediate
layer and the aluminium alloy of the bearing layer are the
same apart from the additional soit phase fraction in the
bearing layer. The soft phase fraction 1in the bearing layer 1s at
the expense o the aluminium fraction 1n the aluminium alloy.
Thus, the material for the intermediate layer can first be cast,
in which case only the additional soft phase fraction must be
added to the aluminium alloy processed so far and the alu-
minium fraction reduced by the same fraction in order to
produce the bearing layer material.

Lead, tin and/or bismuth are preferred as soft phase frac-
tions.

The soft phase fraction 1s preferably 5-20 wt. % relative to
the total aluminium alloy, 1n particular 8-15 wt. % and more
particular =8-12 wt. %.

When tin 15 used as the soit phase fraction, a range of 9-11
wt. % 1s particularly preferred.

The following aluminium alloys are preferred for the pro-
duction of the intermediate and bearing layer:

1.0-3 wt. % N1, 0.5-2.5 wt. % Mn, 0.02-1.5 wt. % Cu, the
remainder being alumimium with the usual permissible impu-
rities, where the alumimium alloy of the bearing layer addi-
tionally contains the soit phase fraction;

0.5-2.5 wt. Cu, 0.1-1.5 wt. % Mn, the remainder being
aluminium with the usual permissible impurities, where the
aluminium alloy of the bearing layer additionally contains the
soit phase fraction;

2.0-3.0 wt. % S1, 0.3-1.0 wt. % Cu, 0.1-0.3 wt. % Cr, the
remainder being aluminium with the usual permissible impu-
rities, where the aluminium alloy of the bearing layer addi-
tionally contains the soit phase fraction;

0.2-2.0 wt. % S1, Cu, Mn and/or Ni, the remainder being
aluminium with the usual permissible impurities, where the
aluminium alloy of the bearing layer additionally contains the
soit phase fraction;

1-6 wt. % S1, optionally 0.05-5 wt. % of at least one of the
following elements N1, Mn, Cr, Cu, Ti, the remainder being
aluminium with the usual permissible impurities, where the
aluminium alloy of the bearing layer additionally contains the
solt phase fraction.

It has been shown that the fatigue strength of the plain
bearing composite materials 1s higher than 80 MPa without
the intermediate layer being laterally pressed out, as 1s the
case with pure aluminium intermediate layers.

It 1s advantageous 11 the intermediate layer contains hard
particles having diameters of 1-10 um and the bearing layer
contains hard particles having diameters of 1-15 um. In this
case, the fraction of hard particles having diameters up to 10
um 1n the mtermediate layer 1s preferably up to 95% and the
fraction of hard particles having diameters up to 15 um in the
bearing layer 1s up to 95%.

The hard particles comprise S1 particle as intermetallic
phases of AINi1, AIN1iMn or AlMn.
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The advantage of these fractions of hard particles 1s that the
aluminium matrix both of the bearing metal and of the inter-
mediate layer 1s hardened and consequently, as a result of the
increased strength and the abrasion resistance, the loading
capacity and the fatigue strength of the bearing metal com-
posite 1s improved.

It has been shown that the fatigue strength of the plain
bearing composite material depends on the thickness of the
intermediate layer. It has been found that 1f the thickness of
the intermediate layer 1s 15-60 um, 1n particular 35-50 um and
more particularly 35-<50 um, the fatigue strength is some-
what higher than for greater thicknesses of the intermediate
layer, where values for the fatigue strength higher than 100
MPa can be achieved.

If the thickness of the intermediate layer 1s related to the
thickness of the bearing layer, values of 5-20%, 1n particular
of 7-17% have proved pretferable.

The following table gives five examples of alloy combined

with different intermediate layer thickness, where the fatigue
strength was determined by the sapphire method 1n each case.

Chemical
Chemuical composition Thickness  Fatigue
composition intermediate  intermediate strength
Example bearing alloy layer layer (um)  (MPa)
1 AlSn10Ni12Mn1Cu Al 99.5 60 116
2 " Al 99.5 35 76
3 AINI2Mnl1Cu 120 82
4 AINI2Mn1Cu 75 86
5 AINI2Mnl1Cu 35 112
The examples relate to a bearing alloy of

AlSn10N12Mn1Cu where according to Examples 1 and 2, a

pure aluminium layer having a thickness of 60 or 35 um 1s
provided. In Example 1 a simulated fatigue strength of 116
MPa 1s achieved and 1n this case, the aluminium layer has
broadened significantly. In this case, the lateral projection of
the aluminium layer beyond the bearing width reaches values
of more than 500 um.

When the layer thicknesses of the pure aluminium inter-
mediate layer are smaller, only lower fatigue strengths are
achieved, 76 MPa in Example 2.

It can be deduced from the examples according to the
invention that as the thickness of the intermediate layer
decreases, an increase in the fatigue strength occurs, a value
of 112 MPa being achieved at a thickness of 35 um.

A rolling-clad compound preferably exists between the
intermediate layer and the bearing layer. A rolling-clad com-
pound preferably also exists between the bearing layer and
the metal supporting layer.

As a result of these exceptional properties, the plain bear-
ing composite material 1s particularly suitable for plain bear-
ing elements, 1n particular plain bearing shells, plain bearing
bushes and/or thrust washers and for the production of such
plain bearing elements.

A particular use 1s provided for applications with loads of
80 MPa, 1n particular >100 MPa. The plain bearing composite
materials according to the invention are also suitable for
rotational applications with sliding speeds of up to 21 m/sec.

The production method is characterised by the following
steps:

strip casting of the alumintum alloys for the intermediate

layer and baring layer, for the production of an interme-
diate layer strip and a bearing layer strip, where the
components of the aluminium alloys of the intermediate
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layer and the bearing layer are the same apart from an
additional soft phase component 1n the bearing layer,

annealing the intermediate layer strip at 400-500° C. for a

duration of 10-14 hours and annealing the bearing layer
strip at a temperature of 400-600° C. for a duration of
10-24 hours,
rolling the intermediate layer strip to cladding thickness,
annealing the mtermediate layer strip at 250-350° C. for
8-14 h,

cladding by rolling to join the intermediate layer and bear-

ing layer strips to form a composite,

rolling the composite to the desired cladding thickness,

cladding by rolling the composite onto a steel supporting

layer to produce a composite material and

annealing the composite material at 250-350° C. for 10-24

h.

In this case, the strip casting on the aluminium alloys 1s
preferably carried out on the same casting system, where
preferably first the intermediate layer and then, by adding the
soit phase fraction and suitably reducing the aluminium frac-
tion, the bearing layer material 1s cast as strip.

The annealing of the intermediate layer strip 1s preferably
carried out at 450-480° C. Preferred durations are 11-13 h.
The annealing of the bearing layer strip 1s preferably carried
out at 450-550° C. Pretferred durations are 12-20 h in this case,
in particular 15-18 h.

As part of the rolling of the intermediate layer strip to
cladding thickness, an intermediate annealing at 400-600° C.
for 10-14 h, 1in particular at 500-550° C. for 11-13 h can
additionally be carried out. This additional annealing has the
advantage that the hard particles are further moulded 1n which
therefore helps to reduce the notch effect of the hard particles
on the surrounding matrix.

Temperatures of 300-330° C. are preferred for the anneal-
ing of the intermediate layer strip before the cladding with the
bearing layer strip. Preferred durations are 10-12 h.

After the composite has been clad on a steel supporting
layer by rolling, annealing 1s carried out at 250-350° C.,
preferably 250-300° C. for 10-24 h, 1in particular 12-20 h.

In particular, the aluminium alloys have no element from
the group of rare-earth elements, lanthanides or actinides. It
has been shown that 1n particular as a result of adding larger
quantities of these elements, 1.e. of the order of magnitude of
10 wt %, the plain bearing composite material cannot be
produced without any problems by cladding because of the
necessary high degrees of deformation.

The invention claimed 1s:
1. A plain bearing composite material comprising a metal
supporting layer, an intermediate layer of an aluminium alloy
and a bearing layer of an aluminium alloy, wherein the alloy
components of the aluminium alloys of the intermediate layer
and the bearing layer are the same apart from an additional
soit phase fraction 1n the bearing layer, and where
the quantities of the alloy components of the aluminium
alloy of the intermediate layer and the aluminium alloy
of the bearing layer are the same apart from the addi-
tional soft phase fraction 1n the bearing layer; and

wherein the aluminium alloys of the intermediate and bear-
ing layer include 1.0-3 wt. % nickel, 0.5-2.5 wt. %
manganese 0.02-1.5 wt. % copper, the remainder being
aluminium allowing for impurities, and wherein the alu-
minium alloy of the bearing layer additionally has the
soit phase fraction.

2. The plain bearing composite material according to claim
1, wherein the soft phase fraction 1s selected from a group of
materials consisting of lead, tin and/or bismuth.
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3. The plain bearing composite material according to claim
1, wherein one the soft phase fraction 1s 5-20 wt. %.

4. The plain bearing composite material according to claim
3, wherein the soit phase fraction 1s 8-15 wt. %.

5. The plain bearing composite material according to claim
3, wherein the soft phase fraction 1s >8-12 wt. %.

6. The plain bearing composite material according to claim
2 when the soft phase fraction of tin 1s 9-11 wt. %.

7. The plain bearing composite material according to claim
1, wherein the intermediate layer includes hard particles with
diameters of 1 to 10 um and the bearing layer includes hard
particles with diameters of 1 to 15 um.

8. The plain bearing composite material according to claim
7, characterised in that wherein the fraction of hard particles
having diameters up to 10 um 1n the intermediate layer 1s up
to 95% and the fraction of head particles having diameters up
to 15 um 1n the bearing layer 1s up to 95%.

9. The plain bearing composite material according to claim
7, wherein the hard particles include S1 and intermetallic
phases of Al—Ni, Al—Ni1—Mn or Al-—Mn.

10. The plain bearing composite material according to
claim 1, wherein the thickness of the intermediate layer 1s
15-60 pum.

11. The plain bearing composite material according to
claim 10, wherein the thickness of the intermediate layer 1s
35-<50 um.

12. The plain bearing composite material according to
claim 1, wherein the thickness of the intermediate layer 1s
5-20% of the bearing layer thickness.

13. The plain bearing composite material according to
claim 12, wherein the thickness of the intermediate layer 1s
7-17% of the bearing layer thickness.

14. The plain bearing composite material according to
claim 1, wherein a rolling-clad bond 1s formed between the
intermediate layer and the bearing layer.
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15. The plain bearing composite material according to
claim 1, wherein a rolling-clad bond 1s formed between the
intermediate layer and the metal supporting layer.

16. A method for producing a plain bearing composite
material comprising a metal supporting layer, an intermediate
layer of an aluminium alloy and a bearing layer of an alu-
minium alloy, said method comprising:

strip casting of the aluminium alloys for the intermediate

layer and bearing layer, for the production of an inter-
mediate layer strip and a bearing layer strip, wherein the
components of the aluminium alloys of the intermediate
layer and the bearing layer are the same apart form an
additional soft phase component 1n the bearing layer;

annealing the intermediate layer strip at 400-500° C. for a

duration of 10-14 hours and annealing the bearing layer
strip at a temperature of 400-600° C. for a duration of

10-24 hours:
rolling the mntermediate layer strip to cladding thickness;
annealing the itermediate layer strip at 250-350° C. for
8-14 h;

cladding by rolling to join the intermediate layer and bear-

ing layer strips to form a composite;

rolling the composite to the desired cladding thickness;

cladding by rolling the composite onto a steel supporting,

layer to produce a composite material; and

annealing the composite material at 250-350° C. for 10-24

h.

17. The method according to claim 16, wherein as part of
the rolling of the imtermediate layer strip to cladding thick-
ness, annealing 1s carried out at 400-600° C. for 10-14 h.

18. The method according to claim 17, wherein after roll-
ing the composite to the desired cladding thickness, annealing
1s carried out at 250-350° C. for 10-24 h.

19. The method according to claim 17, wherein the inter-
mediate layer strip 1s produced with a thickness between 25
um and <50 pm.
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